In the Claims : ^ ~*r^ 

Please delete claim 1-27, and add new claims 28-106 as follows: 
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8. An ultrasonic imaging system for producing a t dimensional image of 



y^diri 



ectors^inside a body, comprising: 



an ultrasound transducer; 

an ultrasound transmitter coupled to the ultrasound transducer, the ultrasound 
transducer beihg operable to generate a signal having a fundamental frequency; 

an ultrasound receiver coupled to the ultrasound transducer, the ultrasound 
receiver being operable to receive a signal from the ultrasound transducer corresponding to 
ultrasound refleptions from(ultrasound"reflectorsyt a plurality of depths in the body; 

filter coupled to the ultrasound receiver, the filter being operable to 
signals received by the receiver having a frequency that is a harmonic of the 
uency and to provide an output signal corresponding thereto; and 



selectively pass 
fundamental freq 
an 

image processor 
the filter. 



image processor coupled to receive the output signal from the filter, the 

being operable to generate a 3 dimensional image from the output signal of 

A 



2 Si The ultrasonic imaging system of claim 28 wherein the filter is further 
operable to pasd signals at the fundamental frequency so that the output signal is a 
combination of signals received by the receiver having the fundamental frequency and signals 
received by the redeiver having the harmonic frequency. 



30. \ The ultrasonic imaging system of claim 29 wherein the filter further 

comprises: 

a low\frequency channel operable to pass, components of the signals received 
by the receiver having; the fundamental frequency; 

a high frequency channel operable to pass components of the signals received 
by the receiver having the harmonic frequency; and 

a combiner operable to combine the signals passed through the low frequency 
channel and the signals passed through the high frequency channel. 



31. The ultrasonic imaging system of claim 30 wherein the low frequency 
channel is further operablA to attenuate signals reflected from ultrasound reflectors at 



shallower depths of the body\to a greater extent than signals reflected from ultrasound 
reflectors at greater depths of the pody, and the high frequency channel is further operable to 
attenuate signals reflected from ulttasound reflectors at greater depths of the body to a greater 
extent than signals reflected from ultrasound reflectors at shallower depths of the body so that 
deeper portions of the 3 -dimensional image are produced predominantly from signals 
received by the receiver having the fimdamental frequency and shallower portions of the 3- 
dimensional image are produced predominantly from signals received by the receiver having 
the harmonic frequency. 

32. The ultrasonic imaging system of claim 31 wherein the high frequency 
channel includes a depth-dependent time Varying filter to attenuate signals passing through 
the channel as a function of depth of the boc 

33. The ultrasonic imagingXsystem of claim 28 wherein the ultrasound 
reflectors comprise tissue or fluid, and wherein\he three dimensional image is generated in 
the absence of an ultrasound contrast agent. 




34. The ultrasound imaging syster 
omprises a switch operable to alternatively couple/ 
high frequency channel to the image processor. 



claim 30 wherein the combiner 
jer the low frequency channel or the 



35. The ultrasound imaging system of N ^laim 30 wherein the combiner 
comprises a summing device operable to generate a composite signal formed from both a 
fundamental frequency signal coupled through the low frequency channel and a harmonic 
frequency signal coupled through the high frequency channel. 

36. The ultrasound imaging system of claim\28 further comprising a 
Doppler processor coupling the image processor to the filter, the \Doppler processor being 
operable to generate a Doppler signal from the output signal of the filter, the Doppler signal 
being applied to the image processor so that the 3 dimensional iijiage corresponds to 
ultrasound reflections from moving ultrasound reflectors. 



37. The ultrasound imaging system of claim 36 wherein tne Doppler signal 
is indicative of the velocity of the moving ultrasound reflectors. 



• # 



\ 38. The ultrasound imaging system of claim 36 wherein the Doppler signal 
is indicative\pf the intensity of reflections from the moving ultrasound reflectors 

39. The ultrasound imaging system of claim 28 wherein the filter is further 
operable to shift the frequency of the signals received by the receiver having the harmonic to 
a different frequency. 

40. vThe ultrasound imaging system of claim 28 wherein the filter 
comprises a finite impulse response filter operable to filter and decimate the signals received 
by the receiver. \ 

41. The ultrasound imaging system of claim 28 wherein the transmitter is 
operable to generate first ahd second successive pulses of signals at the fundamental 
frequency having different phases, and wherein the filter comprises a signal processor 
operable to combine a first signal received from the receiver resulting from the first 
successive pulse with a second sigtoal received from the receiver resulting from the second 
successive pulse. \ 

42. The ultrasound imaging system of claim 28 wherein the signal 
generated by the ultrasound transmitter ha\ a range of frequency components, the range of 
frequency components including the fundamental frequency. 

^ r . 43. An ultrasonic imaging system for producing a 3 dimensional image of 

Tissue tfv^l^ _ V / 

^ultrasound reflectors [inside a body, comprising: \ 

an ultrasonic transducer operable to transmit ultrasonic pulses into a body and 
receive echo signals responsive to the pulses, the ultrasonic pulses having a fundamental 
frequency component; 

a beamformer coupled to receive the \cho signals from the ultrasonic 
transducer and to generate output signals corresponding thereto; 

a filter coupled to receive the output signals Vrom the beamformer, the filter 
being operable to selectively pass harmonic frequency components of the beamformer output 
signals that are a harmonic of the fundamental frequency component; and 



an image processor coupled to the filter to receive the harmonic frequency 
components of the beamformer output signals, the image processor being operable to 
generate a 3 dimensional image from the harmonic frequency components of the beamformer 
output signals. \ 

44. The ultrasonic imaging system of claim 43 wherein the filter comprises 
a digital filter. \ 

45. The ultrasonic imaging system of claim 43 wherein the filter is further 
operable to pass fundamental frequency components of the beamformer output signals so that 
the image is formed from fundamental and harmonic frequency components of the 
beamformer output signals. \ 

46. The ultrasonic imaging system of claim 45 wherein the filter 
comprises: \ 

a low frequency channel qperable to pass the fundamental frequency 
components; \ 

a high frequency channel operable to pass the harmonic frequency 
components; and \ 

a combiner operable to combine the\ fundamental frequency components with 
the harmonic frequency components. \ 

47. The ultrasonic imaging system of claim 46 wherein the low frequency 
channel is further operable to attenuate signals reflected from ultrasound reflectors at 
shallower depths of the body to a greater extent than ^ignals reflected from ultrasDund 
reflectors at greater depths of the body, and the high frequency channel is further operable to 
attenuate signals reflected from ultrasound reflectors at greater\depths of the body to a greater 
extent than signals reflected from ultrasound reflectors at shallower depths of the body so that 
deeper portions of the 3-dimensional image are produced \ predominantly from the 
fundamental frequency components and shallower portions of the\3-dimensional image are 
produced predominantly from the harmonic frequency components, \ 




48. The ultrasonic imaging system of claim 46 wherein the high frequency 
channel each includes a depth-dependent time varying filter to attenuate signals passing 
through the chWiel as a function of the depth from which the echo signals are received. 

49. \ The ultrasonic imaging system of claim 46 wherein the low frequency 
channel is operable to\attenuate signals reflected from ultrasound reflectors at a first range of 
depths to a greater extent than signals reflected from ultrasound reflectors at a second range 
of depths, and to attenuate signals reflected from ultrasound reflectors at the second range of 
depths to a greater extent man signals reflected from ultrasound reflectors at a third range of 
depths, and wherein the higHy frequency channel is operable to attenuate signals reflected from 
ultrasound reflectors at the third range of depths to a greater extent than signals reflected 
from ultrasound reflectors at the second range of depths, and to attenuate signals reflected 
from ultrasound reflectors at thexsecond range of depths to a greater extent than signals 
reflected from ultrasound reflectors\at the first range of depths, the third range of depths 
being deeper than the second range okdepths, and the second range of depths being deeper 
than the first range of depths so that portions of the 3 -dimensional image in the third range of 
depths are produced predominantly from the fundamental frequency component, portions of 
the 3 -dimensional image in the first range ordepths of the body are produced predominantly 
from the harmonic frequency component, anayportions of the 3 -dimensional image in the 
second range of depths are produced substantially equally from the fundamental frequency 
component and the harmonic frequency component. 

50. The ultrasonic imaging system Vf claim 46 wherein the combiner 
comprises a switch operable to alternatively couple eithei^the low frequency channel or the 
high frequency channel to the image processor. 



51. The ultrasonic imaging system of clairia 46 wherein the combiner 
comprises a summing device operable to generate a composite signal formed from both the 
fundamental frequency component coupled through the low frequency channel and the 
harmonic frequency component coupled through the high frequency channel. 



52. The ultrasonic imaging system of claim 43 fimher comprising a 
Doppler processor coupling the image processor to the filter, the Doppler processor being 
operable to generate a Doppler signal from the harmonic frequency component, the Doppler 



signal being applied to the image processor so that the 3 dimensional ima^e corresponds to 
ultrasound reflections from moving ultrasound reflectors. 

53. The ultrasonic imaging system of claim 52 wherein the Doppler signal 
is indicative of the velocity of the moving ultrasonic reflectors 

54. The ultrasonic imaging system of claim 52 wherein 
is indicative of the intensity of reflections from the moving ultrasonic reflectors 

55. The ultrasonic imaging system of claim 43 wherei^i the filter is further 
operable to shift the frequency of the harmonic frequency component. 



the Doppler signal 



56. The ultrasonic imaging system of claim 43 wherein 1 
a finite impulse response filter operable to filter and decimate the beamfo] 



the filter comprises 
er output signals. 



57. The ultrasonic imaging system of claim 43 wherein the ultrasonic 
pulses comprise first and second successive pulses of signals having\ the fundamental 
frequency component, the first and second pulses having different phases) and wherein the 
filter comprises a signal processor operable to combine a first output signal from the 
beamformer derived from an echo signal responsive to the first successive pulse with a 
second signal from the beamformer derived from an echo signal responsiv^ to the second 
successive pulse. 



58. The ultrasonic imaging system of claim 43 wherein each of the 
ultrasonic pulses transmitted into the body have a range of frequency components, the range 
of frequency components including the fundamental frequency component. 

59. A display device displaying a^Jdimensional image of anlinterior of a 
body, thef 3 ; -dimensional image being formed from harmonic frequency echo signals 
generated by interaction of fundamental frequency ultrasound signals with! ultrasound 
reflectors within the body. 

60. The display device^of claim 59 wherein the 3 -dimensional image is 
further formed from fundamental frequency echo signals generated by the reflections of the 



fundamental frequency ultrasound signals so that the 3 -dimensional image is formed/from a 
combination of the harmonic frequency echo signals and the fundamental frequency echo 
signals. 

61. The display device^of claim 60 wherein the harmonic frequency echo 
signals and the fundamental frequency echo signals are alternately used to fopn the 3- 
dimensional image at different times. 



62. 



The display device ^pf claim 60 wherein the harmonic freqi 



uency echo 
ibrm the 3- 



signals and the fundamental frequency echo signals are simultaneously used to 
dimensional image. 

63. The display device^ of claim 60 wherein a first portior of the 3- 
dimensional image is primarily formed using the fundamental frequency echo signals, and a 
second portion of the 3 -dimensional image is primarily formed using the harmonijc frequency 
echo signals, the first portion of the 3-dimensional image being deeper within the body than 
the second portion of the 3-dimensional image. 



64. The display device^of claim 59 wherein the ultrasound comprise tissue 
or fluid and wherein the reflections are produced in the absence of an ultrasound contrast 
agent. 



65. 



The display device^of claim 59 wherein the 3-dimensionp image is 



formed from harmonic frequency echo signals generated by an interaction of fundamental 
frequency ultrasound signals with moving ultrasound reflectors within the body and tissue 
within the body. 

66. The display device^of claim 65 wherein the 3-dimensional image is 



formed from harmonic frequency echo signals indicative of the velocity of 
ultrasound reflectors. 



67. The display device^of claim 65 wherein the 3-dimensio nal image is 
formed from harmonic frequency echo signals indicative of the intensity of reflections from 
the moving ultrasound reflectors 



the moving 



# 



68. 



^ / • 

The display devicej^of claim 59 wherein the 3 -dimensional image is 



formed from harmonic frequency echo signals generated by interactions of fundamental 
frequency ultrasound signals with contrast agents within the body. 



69. 



8 



The display device ^of claim 59 wherein the 3-dimensioi 



al image is 



formed from harmonic frequency echo signals generated by interactions of j fundamental 
frequency ultrasound signals solely with tissues within the body. 

70. The display deviceiof claim 59 wherein the fundamental frequency 
ultrasound signals have a range of frequency components, the range of frequency components 
including the fundamental frequency. 




A method of generating a^dimensional image of /ultrasound reflectors^ 
inside a body, comprising: 

^ transmitting an ultrasound signal into the body, the ultrasound signal having at 

least a fundamental frequency; 

detecting echoes of the transmitted ultrasound signal at a hajrmonic frequency 



that is a multiple of the fundamental frequency; and y\^* 

using the detected echoes to form ^'-dimensional imag^. 



7 ^ ^fl. The method of claim -TCf, further jeomprising, prior jbo 
ultrasound signal, introducing a contrast agent into the body. 



transmitting the 



J^i. The method of claim -70, further comprising: 

detecting echoes of the transmitted ultrasound signal ^t the fundamental 

frequency; and 

using the detected echoes at both the fundamental frequency and the harmonic 
frequency to form the 3-dimensional image. 

^ -73. The method of claim wherein the detected echoes at the 
fundamental frequency are used to form the 3-dimensional image alterr ately with the use of 
the detected echoes at the harmonic frequency to form the 3-dimensional image. 
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7\ J74f The method of claim -72* wherein the detected echoes / at the 
fundamental frequency and the detected echoes at the harmonic frequency /are used 
simultaneously to form the 3 -dimensional image. 

r ?l% m The method of claim 72 wherein the detected ecrioes at the 
fundamental frequency are used to form portions of the 3-dimensional image /that are at a 
greater depth within the body, and the detected echoes at the harmonic frequency are used to 
form portions of the 3-dimensional image that are at a shallower depth within thd body. 



1? 



-7X 



36. The method of claim 72 wherein the detected efchoes at the 
fundamental frequency are used to form portions of the 3-dimensional imade that are at a 
greater depth within the body, the detected echoes at the harmonic frequency are used to form 



portions of the 3-dimensional image that are at a shallower depth within the 
the detected echoes at the fundamental frequency and the detected echoes 
frequency are used to form portions of the 3-dimensional image that are at 
depth within the body. 



ody, and both 
t the harmonic 
in intermediate 



7* 
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echoes of the 



The method of claim JTO wherein the act of detectir 
transmitted ultrasound signal comprises detecting echoes from moving ultrasound reflectors 
within the body. 



1? 



78. 



The method of claim -77 wherein the act of using the ^detected echoes to 
form a 3-dimensional image comprise displaying the 3-dimensional image with indicia 
indicative of the velocity of the moving ultrasound reflectors. 



7$ 



-79C The method of claim -77 wherein the act of using the detected echoes to 
form a 3-dimensional image comprise displaying the 3-dimensional /image with indicia 
indicative of the intensity of the echoes reflected from the moving ultrasound reflectors. 

y\ T 8t5. The method of claim 30 wherein the act of transmitting an ultrasound 
signal into the body comprises transmitting an ultrasound signal into the body having a range 
of frequency components, the range of frequency components including the fundamental 
frequency. 



A method of producing a 3 -dimensional ultrasonic image^comprising: 
transmitting ultrasonic signals into the body, the transmitted ultrasonic signals 
having a fundamental frequency component; 

receiving ultrasonic echoes from ultrasonic reflectors withA the body, the 
received ultrasonic echoes including a frequency component that is a /harmonic of the 
fundamental frequency component; 

storing signals derived from the harmonic frequency /component of the 
received ultrasonic echoes^nd^ ^ 
» displaying a ^-dimensional image^from the stored signal^ 

* y ' <%2. The method of claim 8-T, further comprising, prior to transmitting the 

} ^ultrasonic signals, introducing a contrast agent yfto the body 

ik %2 ~ 

0 The method of claim -8T wherein the actf of receiving echoes from 

ultrasonic reflectors within the body comprises receiving echoes from moving ultrasonic 
reflectors within the body. 

S<. The method of claim -83* wherein the/ act of receiving echoes from 
moving ultrasonic reflectors within the body comprises receiving echoes from moving 
ultrasonic reflectors within the body. 

-85. The method of claim S^wherein the act of displaying a 3 -dimensional 
image from the stored signals comprises displaying a 3 -dimensional image from the stored 
signals containing information indicative of the velocity of the moving ultrasonic reflectors. 

$1 ?/ / 

c~8tT. The method of claim wherein ^the act of displaying a 3-dimensional 
image from the stored signals comprises displaying a |3-dimensional image from the stored 
signals containing information indicative of the intensity of the echoes reflected from the 
moving ultrasonic reflectors. 

The method of claim #T wherein the act of transmitting ultrasonic 
signals into the body comprises transmitting ultrasonic signals having a range of frequency 



components, the range of frequency components 
component. 



including the fundamental frequency 



12 



$ 1 -887" A method of producing a 3 -dimensional ultrasonic image, comprising: 

transmitting ultrasonic signals into the body, the transmitted ultrasonic signals 

having a fundamental frequency component; £ 

receiving ultrasonic echoes from ^ultrasonic reflectors within the body, the 

I s / 
received ultrasonic echoes containing both fundamental and haymonic frequency 

components; 

detecting the fundamental and harmonic frequency /components of the 
ultrasonic echoes; 

forming signals that are a blend of the detected fundamental and harmonic 
frequency components; 



storing the formed signals; and j^foi^ 




displaying a^dUmensional image^from the stored/signals 

The method of claim #87 wherein j/fie blend of fundamental and 
harmonic frequency components varies as a function of time 

q\ Jffi. The method of claim r#8^ wherein the blend of fundamental and 
harmonic frequency components varies as a function ofrthe depth of the ultrasonic reflectors. 

* r / 

i^^f: The method of claim 8S; ^wherein the blend of fundamental and 
harmonic frequency components varies as a function of the location of the ultrasonic 
reflectors 

The method of claim -#8*, f^the 



__er comprising, prior to transmitting the 
ultrasonic signals, introducing a contrast agent^mto the body. 



°\i The method of claim f #87 wherein the ultrasonic reflectors comprise a 

contrast agent. 



$1 



^ The method of claim ,8-8" wherein the act of receiving echoes from 

ultrasonic reflectors within the body comprises receiving echoes from moving ultrasonic 
reflectors within the body. 



V 




^jp >95f The method of claim -9«t* wherein the act of displaying a 3 -dimensional 
image from the stored signals comprises displaying a 3 -dimensional image frona the stored 
signals containing information indicative of the velocity of the moving ultrasonic reflectors. 

if 

<f[ 9^ The method of claim 94* wherein the act of displaying a 3-dimensional 
image from the stored signals comprises displaying a 3-dimensional image from the stored 
signals containing information indicative of the intensity of the echoes reflected from the 
moving ultrasonic reflectors. 

The method of claim S8* wherein the act /of transmitting ultrasonic 
signals into the body comprises transmitting ultrasonic signals having a range of frequency 
components, the range of frequency components including/ the fundamental frequency 
component. 

' ^8. The method of claim -8-8 wherein the detected fundamental frequency 
component and the detected harmonic frequency component are alternately used to form the 
3-dimensional image. 

lt>° -95T. The method of claimr&fr wherein the detected fundamental frequency 
component and the detected harmonic frequency component are simultaneously used to form 
the 3-dimensional image. 

/ oi 4©tf. The method of claim wherein the detected fundamental frequency 
component is used to form portions of the 3-dimensional image that are at a greater depth 
within the body, and the detected harmonic frequency component is used to form portions of 
the 3-dimensional image that are at a shallower depth within the body. 



/t>^ iOtT The method of claim wherein the detected fundamental frequency 
component is used to form portions of the 3-dimensional image that are at a greater depth 
within the body, the detected harmonic frequency component is used to form portions of the 
3-dimensional image that are at a shallower depth within the body, and both the detected 
fundamental frequency component and the detected harmonic frequency component are used 
to form portions of the 3-dimensional image that are at an intermediate depth within the body. 
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,102^ A method for producing a three dimensional reconstruction wip an 
ultrasound system, the method comprising the steps of: 

(a) transmitting ultrasonic energy at a first frequency band into £ subject 
during said imaging session, said subject being free of added ultrasound comrast agent 
throughout the entire imaging session; 

(b) receiving ultrasonic echo information associated with saifl transmitted 



1^ / 5 J ^ultrasonic energy; 



^^Ai^ (c) filtering from said echo information a plurality of information signals 



'associated with a second frequency band, said second frequency band comprising at least a 
^v|r^ ; harmonic band of said first frequency band; and 

^j}< 7* (d) forming the three-dimensional reconstruction ^n response to said 

information signals. 

/of J-037 An ultrasound apparatus adapted for generating a three dimensional 
reconstruction of a subject during an imaging session, said /subject being free of added 
ultrasound contrast agent throughout the entire imaging session, said apparatus comprising: 
a transducer; / 

a transmit beamformer operatively connected to said transducer for 
transmitting ultrasonic energy into a subject during said/imaging session, said subject being 
free of added ultrasound contrast agent throughout the entire imaging session; 

a receive beamformer operatively connected to said transducer and configured 
to obtain echo information; 

a filter operatively connected to spid receive beamformer and operative to 
filter from said echo information a plurality^of information signals associated with a 
harmonic frequency band, said harmonic frequency band comprising harmonics of a 
fundamental frequency band transmitted into th^ subject; and 

wherein the three-dimensional/reconstruction is responsive to said information 

signals. 

loS^ -WW. A method for producing a three dimensional reconstruction with an 
ultrasound system, the method comprising the steps of: 

(a) transmitting ultrasonic energy at a first frequency band into a subject 
during said imaging session, said subject being free of added ultrasound contrast agent 
throughout the entire imaging session; 
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(b) receiving ultrasonic echo information associated with said transmitted 
ultrasonic energy; 

(c) obtaining from said echo information a plurality of detected Dcippler 
information signals associated with a second frequency band, said second frequency band 
comprising at least a harmonic band of said first frequency band; 

(d) forming the three-dimensional reconstruction in response to said 
information signals; and 

(e) displaying a Doppler image selected from the group of: ^elocity, variance, 
energy and combinations thereof, the Doppler image being respojafeive to said three 
dimensional reconstruction. 

^ 4^57 A method for producing a three dimensional reconstruction with an 
ultrasound system, the method comprising the steps of: 

(a) transmitting ultrasonic energy at a first frequency band into a subject 
during said imaging session, said subject being free of added ultrasound contrast agent 
throughout the entire imaging session, said ultrasonic energy characterized by a peak power 
level near said first frequency band; 

(b) receiving ultrasonic echo informatior/ associated with said transmitted 
ultrasonic energy; 

(c) obtaining from said echo information a plurality of information signals 
associated with a second frequency band, said secoml frequency band comprising at least a 
harmonic band of said first frequency band, and f second plurality of information signals 
associated with said first frequency band; 

(d) forming the three-dimensi^ial reconstruction in response to said 
information signals; and 

(e) displaying a composite ifaage responsive to said three dimensional 
reconstruction and representing three dimensions, said composite image comprising spatially 
distinct near-field and far-field regions, saidr far-field region emphasizing information signals 
in the first frequency band and said near-fjeld region emphasizing information signals in the 
second frequency band. 

IfNST A method for producing a three dimensional reconstruction with an 
ultrasound system, the method comprising the steps of: 



